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BACKGROUND: Hypertension is the leading risk factor for cardiovascular diseases (CVDs) and a major public health issue worldwide. 
In Brazil, it affects approximately 52.5% of the adult population. We describe the solutions package and the impact of a population 
health initiative in São Paulo city, following the CARDIO4Cities approach for the management of cardiovascular risk.

METHODS: Using a design thinking approach, interventions were developed with a coalition of local and international stakeholders 
to address needs of patients, healthcare professionals, and the health system. The resulting solution package was checked to com-
ply with guidelines for non-communicable disease and hypertension management. Clinical impact was measured by extracting the 
hypertension cascade of care—monitored, diagnosis, treatment, and control—from medical records.

RESULTS: Under the leadership of the municipal health authorities, nine solutions were piloted and scaled across the city. Solutions 
conform with local and international best-practices. Between October 2017 and December 2021, 11,406 patient records were analyzed. 
Results showed a 40% increase in monitored patients (patients with at least one blood pressure, BP, measurement); reduced propor-
tions of patients diagnosed among those with available BP measurements (72%–53%) and treated among diagnosed (93%–85%); and 
an improvement in controlled patients among those receiving treatment (16%–27%).

CONCLUSIONS: The solution package described in this study was correlated with increased BP control. The implementation meth-
odology and results add to the body of real-world evidence supporting population health implementation science in Brazil and 
beyond.

Keywords: blood pressure; cardiovascular disease; design thinking; global health initiatives; hypertension; implementation strategy; 
population health.
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Graphical Abstract 

Cardiovascular diseases (CVDs) are the leading cause of death and 
disability worldwide, accounting for 31% of global deaths.1 Proven 
and cost-effective interventions and comprehensive guidance exists 
on how to implement global best-practices to improve health sys-
tem performance and advance early detection, care delivery, and 
management of CVDs.2–4 However, there is still high variation in 
improvements to lower the burden of disease globally5 and in Brazil.6

In 2017, an urban population health initiative was launched 
with the objective to improve cardiovascular health by address-
ing its risk factors such as hypertension and building an imple-
mentation model that can be replicated for other cardiovascular 
risk factors globally.7 The initiative was implemented in Dakar 
(Senegal), São Paulo (Brazil), and Ulaanbaatar (Mongolia). Each 
city followed the CARDIO4Cities approach, short for quality of 
Care, early Access, policy Reform, Data and digital technology, 
Intersectoral collaboration, and local Ownership.7

Previous studies reported a rise from 12.3% to 31.2% of hyper-
tension control rates within 15 months of program implemen-
tation in São Paulo (Q3 2018–Q4 2019).8 Subsequent studies 
estimated aversion of stroke and coronary heart disease (CHD) 
as well as the cost-effectiveness of the approach in São Paulo.9 
An analysis of the design thinking approach used in São Paulo 
describes the programs implementation process, including how 
local needs were mapped to global best-practices for cardiovas-
cular risk reduction and transformed into interventions adjusted 
to the CARDIO4Cities approach.10

The purpose of this study is threefold: (i) To advance the 
understanding how global best-practices can be transformed 
in local health system implementation solutions, by describing 
the final implementation package of the initiative in São Paulo, 
(ii) to evaluate the implementation package’s adherence to local 
and international guidelines, and (iii) to evaluate the impact of 
the solutions on clinical outcomes on the hypertension cascade 
of care by over an extended measurement period (Q4 2017–Q4 
2021).

METHODS
CARDIO approach in São Paulo city
São Paulo in Brazil was selected in April 2017 as the target city 
for the initiative. The city was chosen based on high unmet car-
diovascular health needs,11 and the strong commitment of local 
authorities to improve cardiovascular health and to lead the 
initiative.12 In São Paulo city, the initiative—locally known as 
“Cuidando do Seu Coração” (Caring for your Heart), was led by the 
São Paulo Health Department (SMS-SP). The SMS-SP selected two 
neighborhoods (Itaquera and Penha) to pilot, test, and evaluate 
interventions with the intention to scale-up a final implemen-
tation model to the municipality (32 neighborhoods in total) 
and include the activities in the line of care for chronic disease 
management. The activities were focused on the primary care 
network.10 A total of 45 primary healthcare units (in Portuguese 
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Unidade Básica de Saúde—UBS) from Itaquera (24 UBS) and Penha 
(21 UBS) were included in the initiative over four phases of geo-
graphical expansion from 2017 to 2020 (Figure 1).

Design of the study
The design thinking process was operationalized across the 
following phases of work: (i) Groundwork (initial alignment 

on project goals, governance, and operations); (ii) Diagnosis 
(understanding hypertension care in São Paulo); (iii) Exploration 
(deep dive into key challenges); (iv) Co-creation (solutions 
development); (v) Pilot implementation (testing solutions 
at small-scale); and (vi) Scale-up (larger-scale implementa-
tion of proven solutions).10 All phases were underpinned by 
three guiding principles: (a) Empathy—understanding and 
exploration of the citizens “and public servants” context; (b) 

Figure 1.  Temporal and geographical expansion of the CARDIO approach in São Paulo city. Abbreviation: UBS, primary healthcare units (in 
Portuguese: Unidade Básica de Saúde).
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Co-creation—building inclusively with, and not for, the civil 
society; (c) Experimentation—test to learn by failing quickly and 
cheaply before scaling solutions.

The groundwork phase consisted of scoping possibilities to 
implement an urban population health initiative in São Paulo, i.e., 
understanding the existing policy environment, aligning health 
system priorities, and exploring possible institutional paths for 
implementation in the field. It focused on establishing adequate 
formal agreements that provided structure and governance, 
while assuring that ownership and full responsibility remained 
with the public authorities.

The diagnosis phase consisted of a situational analysis to 
understand the needs and perspectives of different players within 
the health system, including patients and healthcare profession-
als. Additionally, the analysis assessed key processes in the care, 
diagnosis, treatment, and control of non-communicable diseases 
(NCDs), with a focus on BP management.10 This phase involved 
monitoring and understanding the daily routines of health sys-
tem users, employees, the UBS team, managers, and other part-
ners of the initiative. A range of tools were used, including online 
forms, conversation circles, and shadowing. The diversity of tools 
helped assess the challenges of the ecosystem in a broad and 
encompassing way.10

The exploratory phase focused on analyzing and discussing the 
findings of the previous phase and delineating concise learnings 
that were translated into broader problem statements with guid-
ing questions and design principles.10 In 2018, the core guiding 

question of the initiative was defined as “How can we develop a 
replicable and sustainable model for the prevention and management 
of hypertension in urban environments underpinned by empathy, co-
creation and experimentation?”.

In the co-creation phase, the guiding question and design 
principles were used to generate innovative ideas, concepts, and 
solution prototypes. This process involved the participation of all 
stakeholders previously engaged (e.g., healthcare system users, 
health professionals, health system managers, initiative part-
ners). This stage resulted in a selection of possible solutions with 
the potential to address the identified challenges. The solution 
prototypes were transformed into concrete “pilot-ready” solutions 
using an iterative process10 and mapped onto the six pillars of the 
CARDIO4Cities approach.

In the pilot implementation phase, the team tested the solu-
tions on a small scale (six UBS in Itaquera). Key implementation 
learnings on desirability, feasibility, and viability as well as impact 
were collected and used to consecutively improve and finalize the 
solution package.

The following scale-up phase replicated the solution package 
under the supervision of the SMS-SP first to selected additional 
UBSs, then to the entirety of two neighborhoods (Itaquera and 
Penha), then to one selected clinic of all remaining health dis-
tricts and neighborhoods, and eventually to the entire munic-
ipality. Figure 2 shows the design thinking phases and the 
corresponding timeline including design, pilot implementation, 
and scaling.

Figure 2.  Evolution of design thinking methodology phases using the CARDIO approach initiative in São Paulo, Brazil, Brazil. Abbreviations: CWH, 
community health workers; HDOC, acronym for Hypertension, Diabetes, Obesity and Cholesterol (in Portuguese: Hipertensão, Diabetes, Obesidade e 
Colesterol); MVP, minimum viable product; NCD, Non-communicable disease; PAP, Agreed Self-care Plan (in Portuguese Plano de Autocuidado Pactuado); 
SIGA, healthcare data system from São Paulo city; STS, technical health supervisions (in Portuguese: supervisões técnicas em saúde).
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Outcomes and analysis
We analyze the outcomes on three levels. First, the final imple-
mentation solutions are described with objectives, methods, and 
results. Each solution was developed to serve a specific group 
of stakeholders from the healthcare infrastructure (patients, 
healthcare professionals, and health system) and to address 
elements on the cascade of care for hypertension across diagno-
sis, treatment, and control. The reported results of the solutions 
relate to their output (e.g., number of performed measurements, 
distributed materials, conducted trainings) and adherence to and 
satisfaction with the solutions collected through surveys and 
questionnaires.

Second, a descriptive assessment was performed to assess the 
adherence of the solutions to local and international guidelines 
for NCD/BP management. The guidelines and best-practices refer-
enced included: the Sustainable Development Goals (SDGs),13 the 
HEARTS package,14 Previne Brasil,15 Brazilian Ministry of Health 
technical note number 41/2020,16 Municipal Government Goals 
2021–2024 from São Paulo,17 and the World Heart Federation 
Roadmap for Hypertension.18

Lastly, to evaluate the impact of the solutions on the clinical 
outcome, we used the cascade of care for hypertension, including 
diagnosis, treatment, and control with a methodology described 
previously.14 Besides incorporating an extended measurement 
period (Q4 2017–Q4 2021), we also included an additional element 
in the cascade of care, the monitoring rate, defined as patients 
with at least one BP measurement. This indicator served as a 
proxy to evaluate changes in early detection and monitoring of 
CVD risk. Deidentified patient data were retrospectively extracted 
from medical records of adults (age ≥18 years) with a diagnosis of 
hypertension, who had visited the UBS at least once. Cumulative 
data were reported by quarter. The analysis for controlled patients 
was verified among treated patients with at least two visits in the 
same interval. The same approach was applied to other catego-
ries, such as controlled (the definitions of the cumulative cascade 
of care indicators are presented in Supplementary Table 1). If 
at the last visit a patient was classified as controlled and if he/
she never returns for another visit, the information from the last 
visit will be considered in the controlled BP count in the follow-
ing periods. The frequencies and percentages of the patients in 
each group were calculated using Python version 3.6.5. This study 
was approved by the National Commission for Research Ethics (in 
Portuguese, Comissão Nacional de Ética em Pesquisa, CONEP) in 
March 2020 (No. 5311415).

RESULTS
As part of the design thinking strategy, seven co-creation work-
shops were held, with the participation of 268 people, including 
patients, health professionals, health system managers, and 
initiative partners. Gaps were identified across all phases of the 
care cascade, including opportunities to optimize health sys-
tem management and standardize delivery of care, the need to 
expand early detection (screening and diagnosis) of patients with 
hypertension, and a joint management approach with patients 
focused on adherence to treatment and follow-up of controlled 
blood pressure levels.

Implementation package of solutions Nine solutions were included 
in the final package: The screening corner, the Hearts Friends 
health initiatives in schools, the PAP card (patient self-care pact 
card), the Caring for All Protocol, the Adherence Combo, remote 
trainings, a management panel, a management and governance 

model, and a cardiovascular risk stratification tool. Table 1 pro-
vides an overview of these solutions, including summaries, their 
main goals, objectives, and results associated with key perfor-
mance indicators. A visual map of the solutions by target audi-
ence and across the cascade of care (diagnosis, treatment, control) 
is further presented in Supplementary Table 2. By the end of 2021, 
all solutions were scaled-up across the public primary care ser-
vices of São Paulo city and integrated into the official protocol for 
NCD and chronic care management in primary care for São Paulo 
city (Caring for All Protocol).

Mapping and adherence of solutions to local and 
international guidelines
The solutions were developed based on both global and local 
best-practices. Supplementary Table 3 maps the adherence of 
each of the initiative’s solution to local and international guide-
lines. It demonstrates a conceptual overlap of all solutions with 
elements of international guidelines and recommendations. 
The objective to increase detection, subsequent treatment, con-
trol and continued support of individuals with NCDs/CVD risk, 
is addressed through the Screening Corner, the Health initiatives in 
schools, and different aspects in the Management and Governance 
Model, all aiming to reach the population at-risk. The use of digital 
tools is also widely suggested. In the initiative, digital and data 
elements are applied in the Management Panel, the PAP Card, or 
the Risk Stratification Tool. Lastly, the development of the simpli-
fied care protocol is a common theme across all global guidelines. 
This has been addressed by supporting the SMS-SP to develop the 
Caring for All Protocol.

Impact of the solutions on the clinical outcomes 
of hypertension cascade of care
From the fourth quarter of 2017 to the fourth quarter of 2021, 
data from 11,406 patients were assessed. Table 2 presents the 
cumulative results of the CARDIO approach in relation to the 
monitored, diagnosed, treated, and controlled patients.

Throughout implementation, the proportion of patients mon-
itored increased by 40%. With the increase in the proportion of 
patients monitored, there was a reduction in the proportion of 
patients diagnosed with hypertension after starting the initia-
tive, from 71.7% before the initiative (fourth quarter of 2017) to 
52.8% at the last evaluation (fourth quarter of 2021). Following 
the reduction in the proportion of diagnosed patients there was 
also a lower proportion of hypertensive patients treated, from 
92.5% to 85.0%. Among hypertensive patients under drug treat-
ment (controlled), there was an increase from 16.2% to 32.5% up 
to the beginning of 2020. After onset of the COVID-19 pandemic in 
early 2020, this proportion was reduced, although the proportion 
of controlled individuals remained above the values of the pre-
initiative period (Table 2).

DISCUSSION
The CARDIO4Cities approach in São Paulo used health 
system-wide, joint design thinking to create novel, sustainable, 
and replicable solutions tailored to the local environment and 
needs around CVDs risk prevention and control.7,11 Besides the 
observed favorable changes across the cascade of care, the imple-
mentation of this population health approach in a megacity such 
as São Paulo can provide a global reference for healthcare system 
stakeholders in Brazil and beyond. Of particular importance were 
the dedicated focus on the needs of the main beneficiaries (health 
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care professionals, patients, and the health system), the con-
stant alignment with global best-practices, and the collaborative 
design thinking process which enabled the initiative to close the 
implementation gap. The solutions innovate through pragmatic 
simplicity which is essential to achieve the goal of a financially 
viable, scalable urban population health approach, integrated in 
the local health system and accepted by local communities.

The high prevalence of hypertension the Brazilian population 
indicates several lost opportunities in hypertension manage-
ment across the continuum of care. Several of those gaps are 
known and the scientific knowledge to address those is availa-
ble. But effective strategies that close the implementation gap 
to address cardiovascular risk factors on a population level 
are scarce. This study demonstrates a path from the identifi-
cation of local needs of the health system, health professional 
and patients, via a design thinking approach to a final, simple 
package of solutions aligned with global recommendation that 
works in a local context. We demonstrate that the core solu-
tions package of the CARDIO4Cities approach is aligned with 
local and international guidelines, such as the World Hearts 
Federation Roadmap for Hypertension, the Global NCD Action 
Plan, HEARTS in America, and the Cardiovascular Prevention 
Guideline of the Brazilian Society of Cardiology.6,13,14,18 The solu-
tion package has been successfully scaled across the city under 
the leadership and supervision of the health authorities, even-
tually including all health regions of the municipality and there-
fore demonstrating the potential for scale and replicability of 
the solutions. Our analysis of the impact of the CARDIO4Cities 
approach demonstrates increases in the proportion of moni-
tored and controlled hypertensive patients, compared with the 
pre-initiative period. The improvements in patient outcomes 
demonstrate that the interventions in the primary care set-
ting to control cardiovascular risk such as hypertension of the 
CARDIO4Cities approach, can ultimately reduce risk of cardio-
vascular events. These results align with previous studies that 
indicating successes of holistic approaches to address BP control 
rates.19–21 While focusing particularly on the standardization and 
improvement of team-based care22 and enabling patient access 
to care and management for chronic conditions.20,21

The study also demonstrates a reduction in the rates of diag-
nosed and treated patients. We hypothesize that this is attrib-
utable to the improvements in monitoring (from 40% to 80% 
during implementation of the CARDIO4Cities approach). We 
further hypothesize that initially, the patients with recorded BP 
measurements were of worse-than-average health (e.g., patients 
with previous cardiac events), prompting specific investigations 
into their blood pressure. This results in an overrepresenta-
tion of diagnosed hypertension, and of prescribed treatment 
in the patient group with available BP measurements, com-
pared to the average among UBS patients at the beginning of 
CARDIO4Cities implementation. As blood pressure monitoring 
was systematically expanded to all UBS patients, the sample of 
patients included in our analysis became more representative 
of the overall primary care patient population, and diagnosis 
and treatment rates to approach their “true” average values.23 It 
would be important to further investigate this hypothesis, e.g., 
by analyzing changes in characteristics of the patient popula-
tion over time.

The COVID-19 pandemic put a significant burden on health-
care. It also affected patient management in healthcare services, 
including primary care, limiting the access to healthcare facili-
ties, reducing availability of preventive care and screening.24 In 
this study, the proportion of patients with treated and controlled 
BP was impacted by the pandemic, but recovered a few months 
later, demonstrating the importance of integrated and sustaina-
ble health system strengthening activities, such as implemented 
in CARDIO4Cities.

Limitations
The following limitations need to be acknowledged. 
CARDIO4Cities had to establish a process for data collection, 
by consolidating patient medical records from paper, posing 
difficulties for data extraction and the potential for inaccura-
cies. The initiative, as well as the data collection, were directly 
embedded into the existing health system and its ongoing oper-
ations. This meant that the data collection faced the common 
limitation of relying on secondary data based on non-digitalized 

Table 2.  Number and percentage of monitored, diagnosed, treated, and controlled patients during the implementation phase of the 
CARDIO approach in Penha and Itaquera, São Paulo

2017 2018 2019 2020 2021

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Total
 � n 2,199 3,836 5,316 6,229 7,394 8,420 9,200 9,821 10,314 10,677 10,815 10,983 11,118 11,220 11,330 11,390 11,406
Monitored
 � n 892 1,820 2,814 3,601 4,634 5,744 6,592 7,264 7,846 8,322 8,526 8,741 8,906 9,050 9,180 9,269 9,300
 � % 40.6 47.4 52.9 57.8 62.7 68.2 71.7 74.0 76.1 77.9 78.8 79.6 80.1 80.7 81.0 81.4 81.5
Diagnosed
 � n 640 1,250 1,870 2,332 2,914 3,472 3,859 4,149 4,380 4,567 4,636 4,710 4,774 4,821 4,868 4,899 4,908
 � % 71.7 68.7 66.5 64.8 62.9 60.4 58.5 57.1 55.8 54.9 54.4 53.9 53.6 53.3 53.0 52.9 52.8
Treated
 � n 592 1,135 1,677 2,070 2,553 3,018 3,338 3,567 3,748 3,900 3,954 4,016 4,066 4,102 4,136 4,161 4,170
 � % 92.5 90.8 89.7 88.8 87.6 86.9 86.5 86.0 85.6 85.4 85.3 85.3 85.2 85.1 85.0 84.9 85.0
Controlled
 � n 96 289 458 601 771 963 1,006 1,077 1,198 1,268 1,120 1,021 1,073 1,145 1,081 1,089 1,106
 � % 16.2 25.5 27.3 29.0 30.2 31.9 30.1 30.2 32.0 32.5 28.3 25.4 26.4 27.9 26.1 26.2 26.5

Ground work: Q4 2017 and Q1 2018 (October 2017 to March of 2018); Diagnosis, exploration, co-creation, and pilot implementation—first year of the initiative: Q2 
2018–Q1 2019 (April 2018–March 2019); Scale-up—second year of the initiative: Q2 2019–Q1 2020 (April 2019–March 2020); Scale-up—third year of the initiative: 
Q2 2020–Q4 2020 (April 2020–December 2020); Scale-up—fourth year of the initiative: Q1 2021–Q4 2021 (January 2021–December 2021). For monitored patients 
the proportion was calculated in relation to the total patients; For diagnosed patients, the proportion was calculated in relation to the monitored patients; For 
treated patients, the proportion was calculated in relation to the diagnosed patients; For controlled patients, the proportion was calculated in relation to the 
treated patients.
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chart reviews, such as incomplete data, challenges in assessing 
data, lost or low-quality medical charts, and the disturbance of 
the usual workflow of a primary care unit. Data on the cascade 
of care was not routinely available in the beginning of the initi-
ative. This refers to the initiative’s dual goal: firstly, to measure 
the impact of various solutions and, secondly, to enhance data 
capacity and encourage data-driven decision-making among 
clinic managers and other decision-makers. This dual goal and 
the close collaboration with local authorities, did not allow for 
a rigorous experimental design (e.g., randomized control trial), 
and thus only cross-sectional comparisons can be drawn from 
the study. We analyzed data from a sample of UBSs, chosen on 
the advice of the City Health Authorities. The selection repre-
sents different management models of primary care provision 
in the city, but it is possible that the chosen UBSs were not rep-
resentative. Due to the methodological setup, it was not possible 
to determine the unique contributions of any single solutions. 
From the beginning, the initiative planned a holistic interven-
tion portfolio incorporated into the health system. Complex and 
multifaceted problems often require equally multifaceted solu-
tions, so to effectively contribute to the complex public health 
issue in question, the project could not propose just one solu-
tion. Additionally, there was no political support to implement 
health system best-practices only in one area of the city while 
other city districts or clinics and thus the population would be 
deprived from access. In summary, we acknowledge that future 
replications of the CARDIO approach should investigate oppor-
tunities to be accompanied by a stricter experimental setup, to 
further strengthen the evidence while considering the feasibility 
of such population-wide initiative.

CONCLUSION
The CARDIO4Cities approach as applied in São Paulo city demon-
strates promising results in addressing the challenges of cardio-
vascular risk management, such as hypertension within the local 
primary healthcare system. By leveraging a health system-wide, 
joint design thinking implementation strategy, the initiative devel-
oped and implemented a multifaceted solution package that was 
adaptable to the local environment and needs. The successful 
implementation led to improvements in hypertension diagnosis, 
treatment, and control. This study provides valuable insights for 
healthcare stakeholders seeking to tackle complex public health 
issues like hypertension and CVDs. The CARDIO4Cities approach 
can serve as a model for future initiatives aiming to improve pop-
ulation health and the performance of health systems through 
innovative, sustainable, and replicable solutions.
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